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3 MATERIALS AND METHODS 
 
3.1 Introduction 
This chapter provides a detailed description of the materials such as chemical, chemical 
formula, purity of the chemical and application. As well as provides the equipment for 
characterising the catalyst and the experimental procedures and reaction runs. This 
information includes the grade of chemicals and gases, equipment information and 
supplier. Theoretical outlines and operational aspects of the various catalyst 
characterization instruments are also prepared. 
3.2 Chemicals 
A list of chemicals used in this work is provided in Table 3-1. Chemicals were obtained 
from source named Sigma-Aldrich (Cerium (III) Nitrate Hexahydrate 99.9%trace metal 
basis, Nickel (II) Nitrate Hexahydrate crystallizes ≥ 97.0%, Aluminium Oxide). 
 
Table 3-1: List of chemicals used 
Chemical                          Formula                        Purity/Concentration                       Application 
Aluminium Oxide         Al2O3                               99%                          Catalyst synthesis 
Nickel(II) Nitrate         Ni(NO3)2.6H2O               >99.9%                      Catalyst synthesis 
Cerium(III) Nitrate      Ce(NO3)3.6H2O               >97.0 %                     Catalyst synthesis 
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3.3 Catalyst Preparation 
This section presents the details of the catalyst preparation procedures. Figure 3-1 
shows the entire catalyst preparation procedure: 
 
 
 
Figure 3-1: Catalyst preparation flowchart. 
 
3.3.1 Support Preparation 
 
The use of catalyst supports may improve mechanical strength; reduce cost of the 
catalyst through dilution of the expensive active material with cheaper support materials 
(Hardiman, 2007). Alumina is the most popular support in hydrocarbon-mediated 
reactions due to its low cost and excellent thermal and mechanical properties. Therefore, 
it has been chosen as the support for this experiment. The support, aluminium oxide, 
Al2O3which is obtained from Sigma-Aldrich has firstly being calcined in air from room 
temperature, 300 K to 973 K (as shown in Figure 3-2) and is held constantly for 5 hours 
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in order to ensure the prevention of phase transformations during the high temperature 
catalyst preparation processes and subsequent reaction runs. 
 
Figure 3-2: Calcination of the support 
3.3.2 Catalyst Impregnation 
 
All catalyst in this study was prepared through the wet impregnation method. This 
method includes the addition of an aqueous metal precursor solution to the support 
material, followed by stirring of the slurry, drying and finally calcinations which is to 
decompose the metal precursor compounds to metal oxides. The total volume of liquid 
added is depending on the solubility of the metal. There is main advantage by using the 
wet impregnation method, which is that catalyst with pre-determined metal loadings 
maybe prepared (Huang & Schwarz, 1987). The nickel (II) nitrate, Ni (NO3)2 and 
cerium nitrate CeNO3 are both obtained from Sigma-Aldrich. Firstly, the wet 
impregnation process is being done. The catalysts are both being weighed by 7.43 g for 
nickel (II) nitrate and 4.3 g for cerium nitrate. Then, the catalyst is being put in the 100 
ml of beaker and 10ml of distilled water is poured in it.  
 
The amount of distilled water to be put was firstly being identified from the solubility 
graph of the sample. After that, the solution is being stirred continously for 3 hours by 
using magnetic stirrer (Figure 3-3). Then, the solution has being dried for 24 hours at 
temperature 383 K. After drying process is finished, the catalyst is then calcined for 5 
hours for temperature at 773 K (Figure 3-4). Later, the process of reduction of H2 has 
being done for both of the catalyst at the temperature of 773 K for 5 hours process. 
